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Abstract: The heterogeneous photocatalytic oxidation process offers a versatile promise in the 
detoxification and disinfection of wastewater containing hazardous organic compounds such as 
pesticides and phenolic compounds in storm and wastewater effluent. This process has gained wide 
attention due to its effectiveness in degrading and mineralizing the organic compounds into harmless 
and often useful components. To develop an efficient photocatalytic process, titanium dioxide has 
been actively studied in recent years due to its excellent performance as a photocatalyst under UV 
light irradiation. This paper aims at critically evaluating and highlighting the recent developments of 
the heterogeneous photocatalytic systems with a special focus on storm and wastewater treatment 
applications. 
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Introduction 
Reuse and recycling of storm and wastewater effluent is a strategic approach for meeting the growing 
water demand in a water scarce environment both in Australia and worldwide. The presence of toxic 
organic compounds in storm and waste water effluent is still a major obstacle as regards widespread 
acceptance of water recycling. Various anthropogenic activities generate wastewater which contains 
both inorganic and organic pollutants. Some of the common pollutants are pesticides, phenols and 
dyes. The nature of pollutants in storm and wastewater depends on the source of generation and varies 
from place to place. These pollutants are often toxic and cause adverse effects on human and animal 
life if present above certain concentration levels. In order to enable reuse of storm and wastewater, it 
is essential to treat them for the removal of pollutants before being recycled. In response it has 
become an emerging issue to achieve effective removal of persistent organic pollutants from waste 
water effluent to minimize the risk of pollution problems from such toxic chemicals. Consequently, 
considerable efforts have been devoted to develop a suitable purification method that can easily 
destroy these bio-recalcitrant organic contaminants. A number of methods such as activated carbon 
adsorption, air stripping, precipitation, membrane process, biological methods and photocatalytic 
degradation have been generally used for the removal of toxic pollutants from water and wastewater. 
The type of process to be employed may depend on the nature of the pollutant. However, the 
photocatalytic oxidation process employing TiO2 and UV light has emerged as a promising 
technology as it can destroy organic pollutants dominant in wastewater. The process is largely 
dependent on the generation of highly reactive hydroxyl radicals which is capable of converting a 
wide spectrum of organic compounds including the non-biodegradable one into relatively innocuous 
end products such as CO2 and H2O. In photocatalytic oxidation process, combined action of 
semiconductor photocatalyst, an energetic radiation source and an oxidizing agent govern destruction 
of recalcitrant organics.  Moreover, the process can be driven by solar UV/ visible light. Near the 
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earth surface, the sun produces 0.2-0.3 mol photons m-2h-1 in the range of 300-400nm with a typical 
UV flux of 20-30 Wm-2 This suggests the feasibility of using the sunlight as an economically and 
ecologically sensible light source(Bahnemann 2004). As a result, development of an efficient 
photocatalytic water purification process for large scale applications has received considerable interest. 
In light of the basic and applied researches reviewed, the photocatalytic oxidation method appears to 
be a promising route for the treatment of wastewater contaminated with pesticides and phenols. 
However, the major drawbacks are the lack of an efficient visible light harvesting catalyst (Adesnia 
2004), the design of photoreactor (Mukherjee and Ray 1999), the recovery and reuse of titanium 
dioxide (Adesina) the generation of toxic intermediates( Konstantinou and Albanis 2003, Moctezuma 
2007 ) as well as concern in regard to catalyst deactivation (Legrini et al.,1993).  
Various studies on photocatalysis of pesticides, phenols and their derivatives indicated that the 
photocatalytic degradation process is mainly dependent on the solution pH, types of catalyst and 
composition, organic substrate type and concentration, light intensity, catalyst loading, composition of 
waste water, oxidant concentration, and pre-treatment temperature. This paper aims to review and 
summarize the recent literature to demonstrate the usefulness of photocatalysis in storm and 
wastewater treatment applications. The latest representative findings giving a source of up-to-date 
information on the potential of TiO2 photocatalysis are presented and some of the results have also 
been discussed here. The existing limitation and future research needs associated with the treatment 
technology pertaining to the contaminant of interest are also discussed. 
Mechanism of Photocatalytic Oxidation Process  
In the photocatalytic oxidation process, organic pollutants are destroyed in the presence of 
semiconductor photocatalysts (e.g., TiO2, ZnO) an energetic light source, and an oxidising agent such 
as oxygen or air. Only photons with energies greater than the band- gap energy (ΔE) can result in the 
excitation of valence band (VB) electrons which then promote the possible reactions. The absorption 
of photons with energy lower than ΔE or longer wavelengths usually causes energy dissipation in the 
form of heat. The illumination of the photocatalytic surface with sufficient energy, leads to the 
formation of a positive hole (hv+) in the valence band and an electron (e-) in the conduction band (CB). 
The positive hole oxidizes either the pollutant directly or water to produce ·OH radicals, where as the 
electron in the conduction band reduces the oxygen adsorbed on the photocatalyst (TiO2). In the 
degradation of organic pollutants, the hydroxyl radical, which is generated from the oxidation of 
adsorbed water where it is adsorbed as OH-, is the primary oxidant; and the presence of oxygen can 
prevent the recombination of an electron-hole pair. In the photocatalytic degradation of pollutants, 
when the reduction process of oxygen and the oxidation of pollutants do not advance simultaneously, 
there is an electron accumulation in the CB, thereby causing an increase in the rate of recombination 
of e- and h+.  Thus it is of paramount importance to prevent electron accumulation in efficient 
photocatalytic oxidation.  
Application of photocatalysis for detoxification of water and waste water 
• Photocatalytic degradation of pesticides   
Pesticide and herbicide derivatives are one of the important classes of aquatic pollutants and various 
pesticides have been found in potentially harmful concentrations due to their extensive use. In recent 
years, photocatalytic oxidation processes have been successfully utilized for the removal of pesticides 
and herbicides from water. Sing et al., 2004, 2007 examined the photonic efficiency of four catalysts 
for the degradation and mineralization of phenoxy acetic acid and 2, 4, 5-trichlorophenoxy acetic acid 
under UV light. The efficiency of photocatalysts was shown to follow the order: 
P25>UV100>PC500>TTP. Under the conditions investigated, the influence of parameters such as 
initial substrate concentration, catalyst dosage pH and the presence of electron acceptors were 
reported to be significant. Poulios et al.2006 studied the photocatalytic oxidation of methomyl by 
comparing the efficiency of P-25,ZnO and UV-100. Under the conditions tested, the order of the 
photocatalytic dissolved organic carbon reduction of methomyl was reported to be: P25>ZnO>UV 
100. Qamart et al.,2009 tested the effect of pH (2.0-12.0), initial concentration (0.35-1.0mM), catalyst 
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dosage (0.5-5.0 g/L) and H2O2 (3mM) on the photocatalytic degradation of vanillin under UV light. 
The photocatalytic degradation efficiency of vanillin was demonstrated in the order: 
P25>UV100>ZnO. Under the experimental conditions, the degradation of acephate was reported to be 
in the order P-25>UV100>PC500 and the highest degradation was found to be at pH 3(Rahman et 
al.,2006). The photocatalytic activity of Degussa P25  was reported to be higher due to the slow 
recombination between electrons and holes whereas Hombikat UV 100 has a high photoreactivity due 
to a fast interfacial electron transfer rate. The photocatalytic degradation of methamidophos was 
investigated under various pre-treatment temperature (300-800oC), TiO2 dosage (0.5-2.0g/L), pH (2.0-
12.0) and oxidant additives (0.06% H2O2, 0.1% K2S2O8 and 0.04% KIO4) in the presence of nano-
TiO2 and UV light (Zhang et al.,2009). Nano-TiO2 was shown to have higher photocatalytic activity 
than that of bulk-sized counterparts and the maximum degradation was achieved at 600oC and 0.4g/L 
TiO2 respectively. Sleiman et al.,2007 observed that the first order rate constant of iodosulfuron 
degradation is directly proportional to the photon flux when the flux is below 1016s-1.cm2. At high 
photon flux, the rate constant was shown to vary as the square root of the flux. It has been indicated 
that the build-up of electron-hole pairs within the photocatalyst is smaller than the oxidizable organic 
substrate concentration and hence a linear rate law was observed at low fluxes whereas the  
phtotocatalytic degradation efficiency was shown to be limited to the electron-hole recombination 
which is  predominant at fluxes above 1016s-1.cm2. The observations of these investigations clearly 
demonstrate the importance of choosing the optimum degradation parameters to obtain high 
degradation rate which is essential for any practical application of the photocatalytic oxidation process. 
• Photocatalytic degradation of phenols  
Of the various aqueous pollutants generally present in wastewater, phenol and substituted phenols are 
considered as priority pollutants. Phenols cause unpleasant taste and odour in drinking water and can 
exert negative effects on different biological processes. The ubiquitous nature of phenols, their 
toxicity, even in trace amounts, and stringent environmental regulations make it necessary to develop 
processes for the removal of phenols from wastewaters. Priya et al. 2006 compared the photocatalytic 
degradation of nitrophenols using combustion synthesized nano-TiO2 and Degussa P-25. The 
photodegradation kinetics was first order. The photocatalytic degradation rates were considerably 
higher in combustion synthesized TiO2 compared to that of P-25. For both catalysts, the degradation 
rate was shown to follow the order 4-Nitrophenol> 2-Nitrophenol> 3-Nitrophenol> 2,4-Ditrophenol. 
Peiro et al.2001 observed that the photocatalytic degradation of phenol and ortho-substituted phenolic 
compounds were shown to follow the order: Guaiacol>2-chlorophenol=Phenol> Catechol. Lacheb et 
al.2008 reported that in comparison to PC 500, P-25 was more efficient for the degradation of phenols 
and poly nitrophenols( 4-NP, 2,4-DNP,2,4,6-TNP) in the presence of  either artificial or solar light. 
The photocatalytic degradation of the tested compounds were shown in the following order: 2,4,6-
TNP>2,4-DNP>4-NP>Phenol. For PC 500 supported on Ahstrom paper 1048, the order is different: -
phenol<4-NP<2, 4-D, N, P<2, 4, 6-TNP. The difference was related to the variation in adsorption 
behaviour. In the presence of P-25, Sevlam et al. 2007 indicated that complete degradation of 4-
flurophenol was achieved in 60 min while complete degradation was occurred in 90 min in the 
presence of ZnO. Under the conditions tested, the highest degradation rate constant of 4-fluorophenol 
was found to be 0.0358 min-1 at 150mg TiO2. Gumy et al.,2006 tested the adsorption and 
photocatalytic degradation of gallic acid with different suspended catalysts (PC100, PC500, AMT 600, 
AMT 100, P-25) under solar irradiation (1000W/m2). Adsorption of gallic acid is reported to be 
strongly related to the specific surface area of the catalyst.TiO2 with a larger surface area shown to 
have a higher adsorption capacity. The degradation kinetics were found to be of the same extent for 
both TiO2 suspended and fixed. Pardeshi et al.,2008 studied the effectiveness of ZnO for the solar 
photocatalytic degradation of phenol under- various parameters like initial concentration(25-300ppm), 
catalyst dosage(0.5-3.5g/L), pH(3.0-11.0) and irradiation time. The photocatalytic degradation of 
phenol was reported to be efficient in solar light compared to artificial visible light. The 
photocatalytic degradation of phenol is favourable in neutral solutions. There is a strong need to 
conduct extensive research to improve the removal efficiencies/adsorption capacities of this technique 




This review focuses on the recent developments related to detoxification of water and wastewater 
using photocatalysis techniques and reports the main advances. The use of TiO2 photocatalysis for 
removing various organic pollutants from water and wastewater has been suggested to be an attractive 
option due to its low cost, non-toxic and biocompatible nature. However, the potential of this method 
under multi-component pollutants needs to be investigated. This would make a significant impact on 
the potential commercial application of the photocatalysis technique to industrial systems. It is further 
suggested that the research should not be limited to lab scale batch studies only, but pilot-plant studies 
should also be conducted utilizing this method to check their feasibility on a commercial scale. 
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